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DESCRIPTION 

COLOR MEASURIN G DEVICE 
Technical Field 

[0001] The present invention relates to a color measuring device for 
measuring a color intensity of a test strip such as an immunochromatographic 
test strip. 
Bach^ound Art 

[0002] An immunochromatographic test strip has a color region preliminarily 
coated with a bandlike coating of an antibody (or antigen) which brings about 
an antigen-antibody reaction with an antigen (or antibody) in analyte. When 
the antigen (or antibody) in analyte labeled with a dye is developed to the 
color region of the test strip by a developing solution, the antigen (or antibody) 
in analyte imdergoes the antigen-antibody reaction with the bandlike coating 
of the antibody (or antigen) to be trapped, thus forming a colored line of color 
caused by the dye in the color region. 

[0003] With the immunochromatographic test strip of this type, the amount 
of the antigen (or antibody) in analyte can be quantitatively determined by 
optically measuring the color intensity of the colored line formed in the color 
region, by means of a measuring device. 

[0004] As a device for measuring the color intensity of the test strip such as 
the immunochromatographic test strip, there is a conventionally well-known 
device configured to irradiate measurement hght onto the colored hne (color 
zone) formed in the color region of the test strip and to receive reflected hght 
thereof to measure the color intensity of the colored hne (e.g., reference is 
made to Patent Document 1 and Patent Document 2). 

[Patent Document 1] Japanese Patent Apphcation Laid-Open No. 11- 
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326191 

[Patent Document 2] Japanese Patent Application Laid-Open No. 11- 

83745 

Disclosure of the Invention 

[0005] Incidentally, concerning the above-described 

immunochromatographic test strip, there are increasing demands for increase 
in the number of kinds of antigens (or antibodies) in analyte that can be 
analyzed by a single measurement. For meeting such demands, it is 
contemplated to e?q3and the color region of the test strip to increase the 
number of kinds of antigens (or antibodies) in analyte to be trapped, and in this 
case, an appropriate configuration in view of the size of the test strip and 
handlabiUty is such that at least two independent color regions are arranged in 
parallel to each otiier. 

[0006] An object of the present invention is therefore to provide a color 
measuring device directed to a specific test strip in which at least two 
independent color regions are arranged in parallel to each other, and peraiitting 
simultaneous measurement of color intensities of colored lines formed in the 
respective color regions. 

[0007] In order to achieve the above object, a color measuring device 
according to the present invention is a device for irradiating measurement light 
onto each colored line formed in a color region of a test strip and for receiving 
reflected light of the measurement Ught to measure a color intensity of each 
colored line, the device comprising: a single mount plate for moimting of a 
specific test strip in which at least two independent color regions are arranged 
in parallel to each other; a pluralit>' of irradiation optical systems for irradiating 
respective beams of measurement hght onto the associated color regions of the 
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specific test strip; a plurality of reception optical systems for receiving 
respective beams of reflected light from the associated color regions; an 
optical head carrying the plurality of irradiation optical systems and reception 
optical systems; and a scanning mechanism for effecting relative movement 
between the mount plate and the optical head in a scan direction traversing 
each colored line. 

[0008] In the color measuring device according to the present invention, the 
scanning mechanism effects the relative movement between the mount plate 
and the optical head in the scan direction traversing each colored Une, the 
irradiation optical systems irradiate their respective beams of measurement 
light along the scan direction onto at least two color regions of the specific test 
strip mounted on the mount plate, and the reception optical systems receive 
their respective beams of reflected Kght from the associated color regions 
across each colored line, thereby simultaneously measuring color intensities of 
colored lines formed in at least two color regions of the specific test strip. 
[0009] Preferably, the plurahly of irradiation optical systems and the plurahty 
of reception optical systems are optically isolated from each other. In this 
case, crosstalk is prevented between the plurality of reception optical systems, 
so as to improve the accuracy of measurement of color intensities for the 
plurahty of color regions of the specific test strip. 

[0010] Preferably, the plurality of irradiation optical systems and the plurality 
of reception optical systems are mounted on the single optical head. In this 
case, the stmcture is simple and only one system of the scanning mechanism 
suffices for movement of the optical head in the scan direction, thereby 
simplifying the structure of the scanning mechanism and a configuration of a 
control system thereof 
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[0011] Preferably, the scanning mechanism is arranged to move the optical 
head relative to the moimt plate in the scan direction. In this case, the 
specific test strip mounted on the mount plate is kept at rest without vibration, 
so as to improve the measurement accuracy of color intensities for at least two 
color regions of the specific test strip. 

[0012] Preferably, the specific test strip is housed in a dedicated casing 
having a plurality of measurement windows for e?qx)sing at least two color 
regions, and a plurality of drop windows for dropwise deUvery of a developing 
solution to effect development in each color region. 

[0013] In the present specification, flie specific test strip refers to at least two 
independent test plates provided with tfieir respective development regions 
with a developing solution including color regions, or to a single test strip 
sectioned into at least two development regions including color regions. 
Brief Description of ttie Drawings 

[0014] Fig. 1 is a perspective view showing a major structure of a color 
measuring device according to an embodiment of the present invention. 
[0015] Fig. 2 is a perspective view of an immunochromatographic test strip 
to be measured by the color measuring device of the embodiment. 
[0016] Fig. 3 is an enlarged perspective view of an optical head and a casing 
shown in Fig. 1. 

[0017] Fig,„4Js a configuration diagram of a controller and a measurement 
result display attached to the color measuring device according to the 
embodiment. 

[0018] Fig^S^is a pattern diagram of reflectance of measurement tight 
indicating color intensities in a color region of the test strip shown in Fig. 2. 
[0019] Fig. 6 is a vertical cross section showing a modification example of 
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the optical head of the color measuring device according to the embodiment. 
Best Mode for Carrying out the Invention 

[0020] A color measuring device according to an embodiment of the present 
invention will be described with reference to the drawings. The same 
elements or elements with the same fimctionahty will be denoted by the same 
reference symbols throughout the description, without redundant description. 
[0021] Fig. 1 is a perspective view showing the major stmcture of the color 
measuring device according to the present embodiment. Fig. 2 is a 
perspective view of an inmixmochromatographic test strip to be measured by 
the color measuring device of the present embodiment. Fig. 3 is an enlarged 
perspective view of an optical head and a casing shown in Fig. 1 . 
[0022] As shown in Fig. 1, the color measuring device of the present 
embodiment has at least a single mount plate 2 for mounting of a specific 
immimochromatographic test strip (cf Fig. 2) housed in a casing 1; a pair of 
Hght emitting diodes 3A, 3B as semiconductor Ught emitting elements 
constituting a pair of irradiation optical systems; a pair of photodiodes 4A, 4B 
as semiconductor hght receiving elements constituting a pair of reception 
optical systems; a siagle optical head 5 carrying the pair of hght emitting 
diodes 3 A, 3B and the pair of photodiodes 4A, 4B; and a scanning mechanism 
6 for moving the optical head 5 relative to the mount plate 2 in a scan 
direction. The color measuring device of the present embodiment is, for 
example, a device for irradiating measurement hght onto colored lines formed 
in color regions of an immunochromatographic test strip and for receiving 
reflected Ught thereof to measure color intensities of the colored lines. 
[0023] The specific immunochromatographic test strip herein is composed of 
two immunochromatographic test plates TP of elongate rectangle shape, as 
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shown in Fig. 2. At one end of each immunochromatographic test plate TP, 
there is provided a drop pad TPl onto which a developing solution containing 
a mixture of an analyte with a dye for labeling of antigens (or antibodies) in 
the analyte is delivered dropwise. At the otiier end of each 
immunochromatographic test plate TP, there is provided an absorbent pad TP2 
for absorbing the developing solution. A color region TP3 preliminarily 
coated with bandlike coatings of antibodies (or antigens) to cause the antigen- 
antibody reaction with antigens (or antibodies) in the analyte is provided in a 
region (development region) in which the developing solution moves from the 
drop pad TPl toward the absorbent pad TP2. Antigens (or antilx)dies) in the 
analyte bring about the antigen-antibody reaction with the bandlike coatings of 
antibodies (or antigens) to be trapped in the color region TP3, thereby forming 
a pluraUty of colored lines TP4-TP7 colored by the dye. 
[0024] Each immunochromatographic test plate TP is comprised essentially 
of a nitrocellulose membrane or filter paper. Each of the drop pad TPl and 
the absorbent pad TP2 is comprised of an absorbent sponge, nonwoven fabric, 
filter paper, or the like. The color region TP3 is preliminarily subjected to. a 
blocking treatment by BSA or the like, in order to prevent nonspecific 
adsorption of protein. 

[0025] The two immunochromatographic test plates TP are housed in the 
casing 1 in a state in which they are arranged laterally in parallel to each other 
and with their longer sides facing each other. A pair of left and right drop 
windows lA, IB for exposing the respective drop pads TPl of the two 
immunochromatographic test plates TP are open in the upper surface at one 
end of the casing 1 , as shown in Fig. 3 . A pair of left and right measurement 
windows IC, ID for e:q)osing the respective color regions TP3 of the two 
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immunochromatographic test plates TP are open in the upper surface in the 
central part of the casing 1 . 

[0026] As shown in Fig. 1, the optical head 5 is formed in a laterally 
symmetric block shape corresponding to the lateral directions of the casing 1 . 
The upper part of tiie optical head 5 is fixed through a support plate 6B to a 
shder block 6A forming the scanning mechanism 6, whereby the optical head 
5 is supported above the casing 1 . 

[0027] Near the left and right ends of this optical head 5, as shown in Fig. 3, a 
pair of left and right irradiation paths 5 A, 5B are formed through the optical 
head toward the color regions TP3, TP3 of the respective 
immunochromatographic test plates TP exposed in the pair of left and right 
measurement windows IC, ID of the casing 1. The irradiation paths 5 A, 5B 
are obliquely inclined fi-om the top part of the optical head 5 toward the inside 
in the lateral directions, and the Ught emitting diodes 3 A, 3B for emitting the 
measurement hght, for example, of 530 nm are buried at the upper ends of the 
associated irradiation paths. 

[0028] In addition, a pair of left and right reception paths 5C, 5D are 
vertically formed through the optical head substantially perpendicularly to the 
casing 1, in the part between the pair of left and right irradiation paths 5 A, 5B 
of the optical head 5, and the photodiodes 4A, 4B are buried at the upper ends 
of the associated reception paths. This pair of left and right reception paths 
5C, 5D are positioned relative to the pair of left and right irradiation paths 5A, 
5B so that each photodiode 4A, 4B can receive the measurement hght emitted 
from the associated hght emitting diode 3A, 3B through the irradiation path 
5A, 5B toward the color region TP3, TP3 of the corresponding 
immunochromatographic test plate TP and reflected on the surface thereof 
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[0029] As described above, the optical head 5 is equipped with plural pairs 
(two pairs in the present embodiment), each pair consisting of a Ught emitting 
diode 3 A, 3B (irradiation optical system) for irradiating the measurement Ught 
toward the mount plate 2, and a photodiode 4A, 4B (reception optical system) 
for receiving Ught incident from the mount plate 2 side. 
[0030] The scanning mechanism 6, as shown in Fig. 1, is composed of a 
sUder block 6A, a pair of left and right guide rails 6Q 6C, a pinion 6E, a worm 
gear 6F, a drive motor 6Q and so on. The guide rails 6C, 6C sUdably guide 
the sUder block 6A in the longitudinal direction of the mount plate 2, i.e., in the 
scan direction perpendicularly traversing each colored line TP4-TP7 of the 
immunochromatographic test plates TP shown in Fig. 2. The pinion 6E 
meshes with a rack 6D formed on a side face of the slider block 6A and along 
the longitudinal direction of tiie guide rails 6C, 6C. The worm gear 6F 
meshes with the pinion 6E. The worm gear 6F is fixed to the drive motor 
6G. 

[0031] In the scanning mechanism 6, as the worm gear 6F is rotated in the 
normal rotation direction by the drive motor 6Q the pinion 6E is rotationally 
driven while reducing speed, and the sUder block 6A with the rack 6D 
meshing with the pinion 6E is guided by the pair of left and right guide rails 
6C, 6C to move in the scan direction. In consequence, the optical head 5 
moves relative to the moimt plate 2 in the scan direction perpendicularly 
traversing each colored Une TP4-TP7 of the immunochromatographic test 
plates TP shown in Fig. 2. 

[0032] The pair of Ught emitting diode 3 A and photodiode 4A and the pair of 
Ught emitting diode 3B and photodiode 4B are juxtaposed in a direction 
intersecting with the scan direction (the direction perpendicular to the scan 
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direction in the present embodiment). 

[0033] Here the color measuring device of the present embodiment, as shown 
in Fig. 4, is additionally provided with a controller 7 and a measurement result 
display 8, for control of rotation of the drive motor 6G of the scanning 
mechanism 6 and for control of Ughting of the hght emitting diodes 3 A, 3B, 
and for processing of received signals from the photodiodes 4A, 4B and for 
display of the processing result. 

[0034] The controller 7 controls the normal rotation, stop, and reverse 
rotation of the drive motor 6G of the scanning mechanism 6. In addition, the 
controller 7 Ughts up the pair of light emitting diodes 3A, 3B during the 
movement of the optical head 5 in the scan direction with the normal rotation 
of the drive motor 6Q to irradiate the measurement hght onto the color regions 
TP3 of the respective immunochromatographic test plates TP exposed in the 
corresponding measurement windows IC, ID of the casing 1 . 
[0035] The controller 7 receives detection signals from the pair of 
photodiodes 4A, 4B having received the reflected hght from the color regions 
TP3 of the respective immunochromatographic test plates TP with Ughting of 
the pair of hght emitting diodes 3 A, 3B, and creates a reflectance pattem of the 
measurement tight, for example, of 530 nm, based on the detection signals. 
Then the controller calculates an absorbance ABS of each colored line TP4- 
TP7 on each immunochromatogr^hic test plate TP in accordance with an 
arithmetic expression of ABS = logTiATo from the reflectance pattem created, 
hi the expression To represents the intensity of the output signal of reflected 
Hght from each colored line TP4-TP7, and Ti the intensity of the output signal 
of reflected Ught from the non-colored part . 

[0036] Then the controller 7 refers to a calibration curve diagram prepared in 
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advance, to determine a total amount (concentration) of each antigen (or 
antibody) included in the analyte according to the calculated absorbance ABS, 
and makes the measurement result display 8 display it. 
[0037] The color intensities of the immunochromatographic test plates TP are 
measured as follows using the color measuring device of the present 
embodiment constructed as described above: first, the casing 1 (cf Fig. 3) 
housing the two immunochromatographic test plates TP, TP shown in Fig. 2 is 
prepared, and a developing solution containing a mixture of an analyte with a 
dye for labeling is dehvered dropwise onto the drop pads TPl, TPl of the 
immunochromatographic test plates TP, TP through the drop windows 1 A, IB 
of the casing 1. This results in moving the developing solution toward the 
absorbent pads TP2, TP2 of the immunochromatographic test plates TP, TP, 
whereiq)on the antigens (or antibodies) in the analyte bring about the antigen- 
antibody reaction with the bandlike coatings of antibodies (or antigens) in the 
color regions TP3, TP3 on the way to be trapped, thereby forming a plurahty 
of colored lines TP4-TP7 colored with the dye. 

[0038] After the preparation as described above, as shown in Fig. 1, the 
casing 1 housing the two immunochromatographic test plates TP, TP is 
mounted on the mount plate 2, and the controller 7 (cf Fig. 4) rotates the drive 
motor 6G in the normal rotation direction aiid hghts up the left and right tight 
emitting diodes 3A, 3B. Li conjunction with this operation, the optical head 
5 starts moving along the scan direction and the left and right light emitting 
diodes 3A, 3B emit the measurement tight of 530 nm along the scan direction 
onto the respective color regions TP3, TP3 of the immunochromatographic 
test plates TP, TP through the measurement windows IC, ID of the casing 1 . 
Li concurrence therewith, the left and right photodiodes 4A, 4B receive the 
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reflected light from the color regions TP3, TP3 of the 
immimochromatographic test plates TP, TP and output their detection signals 
to the controller 7. 

[0039] The controller 7, receiving the detection signals, creates a reflectance 
pattern of the measurement hght of 530 nm, for example, as shown in Fig. 5, 
and calculates from this reflectance pattem the absorbances ABS of the 
colored lines TP4-TP7 colored on each immunochromatographic test plate TP, 
according to the arithmetic expression of ABS = logTi/To. Then the 
controller 7 refers to the caUbration curve diagram prepared in advance, to 
determine the total amounts (concentrations) of the antigens (or antibodies) 
included in the analyte according to the calculated absorbances ABS, and 
makes the measurement result display 8 display the result. 
[0040] In this manner, the color measuring device of the present embodiment 
simultaneously measures the color intensities of the respective colored lines 
TP4-TP7 formed in the color regions TP3, TP3 of the two 
immimochromatographic test plates TP, TP housed in the casiug 1 . 
[0041] In the color measuring device of the present embodiment, the Ught 
emitting diodes 3A, 3B constituting a pair of irradiation optical systems are 
buried in the irradiation paths 5A, 5B of the optical head 5, and the 
photodiodes 4A, 4B constituting a pair of reception optical systems are buried 
in the reception paths 5C, 5D of the optical head 5, while being optically 
isolated from each other; therefore, crosstalk is prevented between the 
measurement hght beams received by the pair of photodiodes 4A, 4B. In 
consequence, the color measuring device of the embodiment is able to achieve 
a high measurement accuracy as an accuracy of measurement of color 
intensities for each color region TP3 of the two immunochromatographic test 
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plates TP. 

[0042] Since the scanning mechanism 6 is configured to move the optical 
head 5 relative to the mount plate 2 in the scan direction, tiie two 
immimochromatographic test plates TP in the casing 1 mounted on the mount 
plate 2 are kept at rest without unnecessary vibration. As a result, the device 
is able to achieve a high measurement accuracy as an accuracy of 
measurement of color intensities for each color region TPS of the two 
immunochromatographic test plates TP. 

[0043] Furthermore, since tiie pair of Ught emitting diodes 3A, 3B and the 
pair of photodiodes 4A, 4B are moimted on the single optical head 5, only one 
system of the scanning mechanism 6 for moving the optical head 5 in the scan 
direction suflBces, thus achieving the simple structure and the simple 
configuration of the control system. 

[0044] The present invention is by no means limited to the embodiment 
described above. For example, the pair of left and right reception paths 5C, 
5D are arranged apart fi'om each otiier in the optical head 5 shown in Fig. 3, 
but the spacing between them can be appropriately changed. In a case where 
the pair of left and right immunochromatographic test plates TP, TP are 
airanged close to each other in the lateral direction, as shown in Fig. 6, the pair 
of left and right reception paths 5C, 5D are also arranged close to each other 
corresponding thereto, and the pair of left and right irradiation paths 5A, 5B 
are also arranged close to each other at the positions of their lower ends. 
[0045] The present embodiment is configured to move the optical head 5 
relative to the mount plate 2 in the scan direction, but the device may also be 
configured to move the mount plate 2 relative to the optical head 5 in the scan 
direction, or to move both the mount plate 2 and the optical head 5 
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reciprocally in the scan direction. 

[0046] The present embodiment uses the hght emitting diodes 3A, 3B as 
semiconductor light emitting elements constituting the irradiation optical 
systems, but they can be replaced by other semiconductor Hght emitting 
elements such as laser diodes. The present embodiment uses the 
photodiodes 4A, 4B as semiconductor hght receiving elements constituting 
the reception optical systems, but they can be replaced by other semiconductor 
hght receiving elements such as phototransistors or CCD elements. 
[0047] The color measuring device of the present invention can be appHed to 
test strips of any kind that are test strips for measurement of color intensity, as 
well as the immunochromatographic test strips. 
Industrial Applicability 

[0048] The color measuring device of the present invention is apphcable to 
color measuring devices for immunochromatographic test strips. 
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